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This project addresses several topics in the CALFED Ecosystem Restoration Program
Plan. It is located in the North Bay zone (V. II, p. 75). Elements of the project address
saline emergent wetland restoration (V.I., p. 9), and it may aid recovery and information
on several species of impedance including Delta smelt (V. 1, p. 10), Splittail (V. I, p. 10),
resident fishes (V. I, p. 11), Red-legged frogs (V. 1, p. 11), California Clapper Rail (V. I,
p. 12), California Black Rail (V. I., p. 12), Suisun Song Sparrow (V. I, p; 12), Sait Marsh
H~vest Mouse (V. I, p. 12), Shorebird and WadJ.rtg Birds (V. I, p. 12)0 and Waterfowl
I, p. 12), Levees and bank protection (V. I, p. 13), Invasive Aquatic Plants (V. I, p. 13),
Invasive Aquatic Organisms (V. I, p. 14), and Invasive Riparian and Salt Marsh Plants
(V. I, p. 14). Habitats addressed included Natural Sediment Supply (V. I., p. 27),
Floodplains and Processes (V. I, p. 38), Tidal Perennial Aquatic Habitat (V. I, p. 75),
Saline Emergent Wetlands (V. I, p. 88). Finally, this project provides a strong basis for
establishing adaptive management (V. IlI, p. 11) and biological monitoring (V. III, p. 35)
in wetland restoration.
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III. EXECUTIVE SUMMARY

l~Ionitoring Tidal Wetland Rehabilitations in the North Bay Region of the San Francisco
Bay and Delta

John Y. Takekawa
U. S. Geological Survey - Biological Resources Division

Western Ecological Research Center, San Francisco Bay EstuaD, FieM Station

Michael A. Bias
Ducks Unlimited

Western Regional Office, Rancho Cordova

Michael K. Saiki
U. S. Geological Survey - Biological Resources Division
Western Fisheries Research Center, Dixon Field Station

The San Francisco Bay-Delta is a critical resource for many endemic fish, wildlife, and plant
species as well as a major wintering area for migratory waterbirds on the Pacific Flyway.
Two-thirds of the remaining salt marsh ecosystems and tidal fiat habitats on the Pacific coast are
located in the estuary. The North Bay region, including San Pablo and Suisun Bay, comprise the
largest remaining contiguous expanse of undeveloped baylands, and several wetland
rehabilitation projects are currently underway or proposed for these ~ans.

Many endemic species will benefit from the restoration of these tidal salt marshes with their
characteristic California Cordgrass (Spartinafoliosa) and Pickleweed (Salicornia virginica) plant
communities. Fish species that may benefit from increased amount of tidal wetland habitats
ittclude species with sl~ecial status, such as Delta Smelt (Hypomesus transpacificus), Sacramento
Splittail (Pogonichthys macrotepidoms), and Tidewater Goby (Eucyclogobius newberryi).
California Clapper Rail, California Black Rail (Laterallu~’jamaicensis coturnlculus), Suisun
Song Sparrow (Melospiaa raelodia sarauelis), and Salt Marsh Harvest Mouse are among the
target wildlife species for restoration. In addition, management for specific elements within
projects may enhance their value for migratory sho~ebirds and waterfowl and reduce the invasion
of non-indigenans species such as Smooth Cordgrass (Spartina alterniflora) and Perennial
Pepperweed (Lepidium latiCblium).

Our proposed monitoring study will include two sites in San Pablo Bay and one site in
Suisun Bay. The U. S. Fish and Wildlife SerVice ("Service") manages 5,700 ha with an
additional 2,800 ha approved for acqo2sition in San Pablo B~y; many of these areas are historic
salt marshes that were ddked and drained for agriculture that will be restored. Two wetland
rehabilitation projects, Cullinan Ranch (606 ha) and Tolay Creek (176 ha), are currently being
undertaken by the San Pablo Bay National Wildlife Refuge ia cooperation with several local
partners (including California Depara’nent of Fish and Game, Ducks Unlimited, Southern
Sonoma County Resource Conservation District, Save San Francisco Bay Association, City of
Vallejo). Our studies in Suisnn Bay will include the Joice Island anJt (850 ha) of the California
Department offish and Game as a comparison site. Although most of the Salsun Marsh is
managed for waterfowl hunting, the .roice Island unit contains nearly 250 ha of tidal marsh which
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provides unique management challenges to m~imize waterfowl use within salt marsh habitats.
Monitoring broad-based biophysical results from wetland projects is a crucial step in

rehabilitation which was identified by the CALFED Bay-Delta Program (Ecosystem Restoration
Projects and Programs). Documentation of environmental change is requisite to the development
of adaptive management stretches. Effective restoration and management of habitat for listed
species cannot be accomplished if sound basic knowledge of habitat functions and species
requirements is not available. Few guideilnes exist which it~dicate how monitoring should be
conducted for adaptive management of projects and whether specific features within restoration
projects may enhance target species. Despite its vital role, monitoring has traditionally received
little effort or funding in either pre or post-project planning. For example, construction costs to
complete the Cullinan Ranch and Tolay Creek projects exceed $2.5 million dollars, but funding
for biophysical monitoring has been limited to a few thousand dollars. CALFED partly
supported these two restoration projects in 1998 and required a biological monitoring plan;
however, a separately submitted monitoring proposal was not f~nded although it was highly
rated. Current funds available for monitoring these ongoing projects are less than one-third of
the costs identified in the monitoring plan.

The goal of this project is to conduct monitoring studies a~d experiments that will aid in the
rehabiZitation and adaptive management of tidal salt marsh habitats. We propose four tasks to
examine the rehabilitation efforts: (1) refine a general monitoring framework for tidal salt marsh
rehabilitation projects, (2) d~cument community s/ructure and immigration of fish species into
restored areas; (3) study genetic and morphologlc differentiation of Salt Marsh Harvest Mice and
Western Harvest Mice to validate field identification and examine hybridization: and (4) test
through experiments the wetland features filet enhance use by waterbird species.

We anticipate no adverse direct or indirect effects from this project. The overall project is
coordinated with, and has the support of, the California Department of Fish and Game, U. S. Fish
and Wildlife Service, Ducks Unlimited, the Southern Sonoma County Resource Conservation
District, and the Save San Francisco Bay Association. The project is compatible with CALFED
objectives of habitat restoration of saline emergent wetlands and restoration of habitat for
targeted species, such as the California Clapper Rail and Salt Marsh Harvest Mouse. Monitoring
will be conducted semiannually and data evaluation will be conducted for all objectives
(Monitoring and Data Collection Methodology). The total cost of this proposed project is
5689,000 for three years.

John Y. Takekawa has been a federal research wildlife biologist for more than 13 years, and
is now with the Biological Resources Division of U. S. Geological Survey (BRD, Vallejo). He
established the San Francisco Bay Estuary Field Station in 1995, his research specialty is the
ecology of migratory waterbirds and his geographic specialty is the San Francisco Bay estuary.
Michael A, Bias is a regional biologist for Ducks Unlimited, Western Regional. Office, Rancho
Cordova. He is the project manager for the Cullinan and Tolay Creek Rehabilitation projects and
holds a doctorate from UC Berkeley in Wildland Resource Science on Ecology of the Salt Marsh
Harvest Mouse in the San Pablo Bay. Michael K. SaLki (BRD, Dixon) has conducted several
field projects on fish communities in California during the past 15 years. His studies include
abundance and distribution of fishes in rivers or small estuaries in which fish populations were
documented and related to the food supply, water quality, or other environmental variables.
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IV. PROJECT DESCRIPTION

Proposed Scope of Work

The goal of this project is to conduct monitoring studies and experiments that will aid in the
rehabilitation and adaptive management of tidal salt marsh habitats. We propose to examine five
tasks to examine the rehabilitation efforts: (t) refine a general monitoring framework for tidal
salt marsh rehabilitation projects, (2) document community structure and iromugration of fish
species; (3) study genetic and morphologic differentiation of Salt Marsh Harvest Mice and
Western Harvest Mice to validate field identification and examine hybridization: and (4) test
experimentally the wetland features that enhance use by walerbird species.

Task 1: Refine the general monitoring framework

1. Baseline data: Section boundaries will be mapped prior to sampling with Glob~ Positioning
System (military grade) and recorded in a Geographic Information System Coverage prior to
locating sample plots. Plot-based (Cullinan, Joice) and transect (Tolay) survey techniques will
be used. Plots will vary in scale from 250x250, 500x500, to 1,000x 1,000 m grids depending on
the variable within Universal Transverse Mercator (UTM) blocks (about 150, 75, or 25 samples
per l~roject). Biological monitoring samples at Tolay Creek will overlay 9 established cross-
sectional transects from the bay edge. All sample locations will be georeferenced to the nearest
meter in a horizontal plane with a global positioning system (GPS) and all data will be entered
into Gig coverages. Monitoring will be conducted in both dry (May-Oct) and wet (Nov-Apr)
seasons, Three-way multivariate (MANOVA) (Jotmson and Wichern 1998) or un.~variate
analysis of variance (ANOVA) tests (Zar 1996) will be used to compare most biophysical
variables by unit, type, and section. Comparisons will be made to examine changes in variables
through time from waalysis of variance procedures with time as a repeated measure (Hand and
Taylor 1987).

2. Hydrological Measurements: We will document initial water flows (flowmeter, 0. l m/s),
sedimentation rates (sediment pins, 1 cm), tidal datum (water level loggers, 0.5 cm), and channel
networks (aerial photography, 1 m per pixel, scmmed at 800 dpi) on both projects with
measuremants taken at representative sites within the project boundaries. Our initial estimated
sample number is 12 for Tolay Creek (near each transect, each pond, and at the entrance), and 60
for the Cullinan Ranch (every 500 m grid). In addition, ground surveys w~l be conducted with
GP$ survey equipment to verify elevational contours. Temperature, pH, turbidity, salinity, and
dissolved oxygen will be determ~ed on site from water column samples taken at each plot in the
slough chnnnel type. These samples will be taken in conjunction with other monitoring s~u~aples
on each plot seasonally.

3. Biophysical Measurements: Characterization of changes in marsh development as the
rehabilitation projects go forward will give us valuable information on wetland restoration
processes. Information will be obtained on several variables including water quality,
invertebrates, plants, and target fish and wildlife species. These will iunlude annual infrared
aerial photographs and in situ meters. Digital maps will continue to be updated (see Ecological
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Benefits, Linkages). Flora will be measured with IS-m transects (250x250m plots) in a random
direction to determine composition (percent occurrence), and a 0.5 m2 grid will be examined at 3
m intervals to estimate mean stem density, height, and percent cover. Differences in unit, type,
and section will be examined in 3-way MANOVA tests with percent occurrence as the response
vm’iable, although transformation of percentages may be required. Invertebrates will be sampled
with core samples (10 x 10 cm, 0.5 rmn screens), frozen, identified to order or family, counted,
dried, mad weighed (0.1 rag). Fishes wilt be sampled (,see Task 3) seasonally. Larger birds wit1
be counted with a complete count index and smaller birds with variable circular plots (DeSante
1981 ) Variable line transect statistics (Burnham et al. 1980) adjusted for circular plot areas
(Roeder et al.1987) will be calculated from program DISTANCE to esfimate seasonal densities
ofnnmmoo species. Playback recordings will be tested on a subsample of plots to augment
surveys and improve coums of secretive rail species (Legate et aL 1999, Evens et al. 1991,
Marion et al. 1981, Repking and Ohmart I977). Small mammals will be trapped in 25 trap
(10xl0 m) rectangular capture grids for 3 mornings and estimated with mark-recapture analyses
(Whitr et al. 1982: Program CAPTURE).

Task 2: Document community structure and immigration offish species

Fish species assemblages will be surveyed initially monthly during spring and summer, then
monitored seasonally, from sample sites. Multiple gear types will be used to assess the
distribution and relative abundance of juveniles and adults. As a minimmr~ throw nets and
expe~:mtental (varialfle mesh) gill nets will be fished at all sites. At sites that can be waded, fish
will also be sampled with bag seines. Fishing effort for each gear type will he standardized and
replicated to allow for statistical comparisons of fish catch among daXes and sites. At each site,
captured fish will be identified to species and counted, then the Fwst 25 individuals of each
species w’dl be measured tbr total length and weight. In addition, as many as 25 individuals from
selected species will be fixed in 10% formalin for subseq~aent analysis of gut contents tu
determine their use of invertebrates. If fishes or fish-forage organisms caunot be reliably
identified by project personnel, voucher specimens will be submitted to taxonomic specialists for
posihve identification. Fish species assemblages and their relation to environmental variables
will be identified and tested for significance by using cluster analysis and discriminant analysis
(e.g., Green and Vasctutu 1978) or other appropriate multivariate statistical procedures.

The rehabilitation projects provide a unique opportunity to examine immigration pattems of
fishes. Many fish species use tidal marshes for escape cover from predators, juverfile nurseries,
or temporary habitat while transiting the length of the estuary (Day et al. 1989, Josselyn 1983,
Moyle 1976). Monitufmg of movement into the transitional salt marsh by fish species may
provide further information on species range. Thirty individuals of 3 selected species will be
captured in the study sites. Each fish will be tagged, weighed, measured, and radio-marked
(radio size mad llfespan dependent on fish size, I~ut Iikeiy 1.1-20.0 g transmitters, 1-4 mo
lifespan)(Adams, et, al., 1998). Radio-marked individuals will be tracked daily by observers
with handheld antennas on the ground or from small tower telemetry systems (Huber and
Kirshhofer, 1998). Data will be entered dally into a laptop computer after locations are
determined (Dodge and Steiner 1986, Dodge et al. 1986). Home range areas (Samuel and Garcon
1985) and core areas (Samual and Green 1988) of the radio-marked animals will be documented.
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Ta~k 3: Salt Marsh and Western Harvest Mouse Genetic Differentiation

The salt Marsh Harvest Mouse (Reithrodontomys raviventriz: SMHM) is a federally listed
endangered species endemic to the San Francisco Bay and Delta. This mouse m’akes its home in
the high saline enviro~m~ent of tidal salt marshes. The Western Harvest Mouse (Reithrodontomys
megalotis:WHM) is a common species in western North Ametiea, occurring in a variety of open
habitats, including grasslands and salt marshes. These two species occur together and are
difficult to differentiate. Shellhanuner (1984) developed a rough method for field identification
of the South Bay subspecies based on a numeric key of scorable differences in external
morphology (i,e, tail shape and color). This key has proven less effective in the NorXh Bay. E.
Steinberg (Univ. of Washington, unpubl, data) found that the two species of mice are difficult to
separate morphologically in the North Bay region and that individuals are being misidentified.
However, Steinberg developed nucleic acid primers that clearly distinguishes the two species and
requires ordy a few hairs for DNA testiog by polymerase chain reaction (PCR). We will obtain
hair samples frum 30 SMHM and 30 WHM at or adjacent to each of the 3 sites. We will use
morphological measurements on several external characteristics to attempt to develop a
parsimonious key to the species identified by DNA through their hair samples with a
discdminant function analysis (see Orthmeyer et al. 1995).

Task 4: Experimental Features to Enhance Use by 5horebirds and Waterfowl

The recent San Francisco Bay Regional Wedand Ecosystem Goals Project (Goals Project
1999) indicated that information was needed to identify features which enhance wedand
restoration projects for shorebirds and waterfowl. We will work with the project designers to
create experimental islets, levees, and subsurface structures to exmnine the feasibility and value
of certain design elements. Each featm’e will be repficated ha at least three locations, but not
necessarily at each site. Abundance of species will be examined at these features seasonally, and
compared with samples taken in the standard surveys (Task 1) with nonparamantric univariate
statistical tests to determine whether enhanced features in wetland restorations may enhance
target species.

Tasks 2, 3, mad 4 cannot be accomplished if Task 1 is not funded.

L~cation and/or Geographic Boundaries of the Project

Three units will be examined in tiffs study plan (see attached maps 1 & 2): two restoration
sites and one an existing marsh site. The primary restoration site is the 606 ha Cullnian Ranch,
located 6 km west of Vallejo, California on the northern edge of San Pablo Bay, north of
Highway 37. Cullinan Ranch has been drained and cultivated for oat hay production since the
late 1800s. The Tolay Creek site (176 ha) is located 16 km west of Vallejo south of Highway 37.
Project construction has been recently completed; post-project monitoring is required to track the
transition to marsh habitat. The Suisun Bay site is at the Joice Island Refuge (850 ha), located
between the Suisun and Montezuma Sloughs, of the California Department of Fish and Game
and will include 250 ha of existing tidal marsh as a comparison silz. Site locations are: Cullinan
Ranch, Lat. 38°07"30’ N, Long. 122°20"00’ W; Tolay Creek, Lat. 38°07"30, N, Long.
122027"30’ W; Joice lsland; Lat. 38°07"00’ N, Long. 122°06"30’ W.
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IV. ECOLOGICAL/BIOLOGICAL BENEFITS

Although many wetland i-ehabilitation projects have been initiated, few have included detailed
monitoring plans to cona’irm their intended success through establishment of target species. This
project will develop designs to accomplish this task and apply these designs in two North Bay
wetland restoration sites with a Snisun Bay comparison stre.

Ecological/Biological Objectives

San Francisco Bay and the delta of the Sacramento and San Joaquin Rivers form one of the
largest estuaries in the world (Conomos 1979, Sudman 1981 j. Two-thirds of the remaining salt
marsh ecosystems and tidal flat habitats on the Pacific Coast are located in the San Francisco
Estuary (SFE) (Josselyrt 1983). However, 95% of wetlands in the SFE have been lost to filling
and dredging for urban development or agricultural purposes (Nichols et al. 1986). The quality of
remaining wetlands is endangered by accumulation of to~ns from agricultural and urban runoff.
introduction of contaminants from industrial and municipal discharge, accidental spills from
petroleum and chemical transporL and freshwater diversions

Despite extensive habitat loss and degradation, the SEE is a critical ecosystem for meny rare
endemic species end Pacific Flyway migratory birds. The popu!ation of shorebirds in the SFE is
estLmated to be 1 million birds (StenzeI and Page 1988). and the SFE supports nearly 700.000
waterfowl in the Pacific Flyway during winter (USFVCS. midwinter surveys, unpubl, data).
Several animal species in the SFE are currently listed as federal or state threatened or
endangered, under consideration for listing, or of state special concern (Harvey et al. 1992),
These species include the Delta Smelt, Sacramento Splittail. Salt marsh harvest mouse. San
Pabin Vole (Microtus californieus), Salt marsh wandering shrew (Sorex vagrans haIicoetes),
Suisun ornate shrew (S. ornatus sinuosus), California Clapper Rail. California Least Tern (Sterna
antillarun browni), California Black Rail, Long-billed Curlew (Numenius americanus), San
Pablo Song Sparrow, Saltmarsh Common Yellowthroat (Geothlypis tirchas stnuosa), and
Peregrine Falcon (Falco peregrinus anatum).

Several wetland rehabilitation projects are underway or have been completed iu the SFE.
Biophysical monitoring to document results of wetland rehabilitation projects ts a necessary step
which was identified by CALFED in their requirements for recent wetland restoration and
rehabilitation projects. Yet, few guidelines exist which indical~ how monitoring should be
conducted on a project-by-project basis, and even fewer funds are available with which to
accomplish Ibis task. Information from monitoring is critical for adapdve management of
restoration projects; it tells us whether specific features within the project may enhance target
species populations. Monitoring infca’matinn is also critical to determine success of habitat
restoration projects. The primary goal of this project is to use baseline information attd
information obtained from monitoring changes in ~e biologic’,d and physical resources as the
project continues, to refine and standardize monitoring techniques. We propose to document
baseline biological data, develop a monitoring framework and plan for each area, examine
irrardgration and community patterns of fish species, and experimentally determine features
which enhance use by shorebirds and waterfowl.

Tidal marshes and their associated channels and subtidai waters are ecologically important to
many species of aquatic plants and animals in the estuary (Josselyn 1983). With regards to fish,
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only a relatively small number of species are truly estuarine and depend on these habitats
throughout their life cycle (e.g., delta smelt; see Moyle 1976). By compm-ison, numerous other
species spend just a portion of their life cycle in estuaries. These include freshwater species that
occasionally enter brackish water (e.g., Sacramento blackfish, Orchodon microlepon*s; splittail;
tule perch, Hysterocarpus traski; prickly sculpin, Cotrus asper), estuarine-marine species that use
the estuary primarily as a nursery ground (e.g., Pacific herring, Clupea harengeus; topsmeIt,
Atherinops a.Oinis; California halibut, Parulichthys califoraicus; starry flounder, Ptatiehthys
stellatus), marine species that visit estuaries in search of food (e.g., bat ray, Myliobatis
californicus; brown smoothhound, Rhinotriakis henlei; California skate, Raja inornata), and

anadromous species in transit through the estuary (e.g., striped bass, Morone saxatilis; chinook
salmon, Oncorhynchus tshawytscha; steelhead, O. myMss; white sturgeon, Acipenser
transmontanus; Pacific lamprey, Larapetra tridentata).

The relative importance of natural and restored tidal marshes as habitat for fishes has not
been rigorously examined because population comparisons are confour~ded by differences in
sampling techniques such as gear type, fishing method, fishing effort, sampling daytime, and
sampling season. A search of literature published since 1980 yielded relatively few studies that
directly compared aquatic eommunifies in restoregt tidal marshes with thor in natural or
reference marshes. In the Bay and Delta estuary, several tidal marshes and channels (both
natural and restored) and their adjacent subtidal waters have been intenalvely surveyed for fishes.
Some examples of tidal marshes and channels from which fisheries data are available include the,
Suisun Marsh (Moyle et at. 1982, 1986; Meng et at. 1994), Napa Marsh (Madrone Associates
1977), and Hayward Marsh (Woods 1981), Subtidal waters frern which fisheries data are
available include Richardson Bay (Green 1975) and San Pablo Bay (Brown and Caldwell 1980).
In addition, the U. S. Fish and Wildlife Service and the California Department of Fish and Ganae
have oonducted annual surveys for juvenile chinook salmon and steelhead, and for larval,
juvenile, and adult striped bass in various locations throughout the estuary. Collectively, these
surveys documented the presence of 69 native and 25 introduced fish species (attached Tables i
& I~). However, Jones and Stokes (1979, cited by Josselyn 1983) reported that as many as 121
species of fish have been recorded from San Francisco Bay, of which only 16 species are
expected to occur in tidal marshes. We do not have a clear picture of how the restoration projects
are used dufing the transition from pre-project to restoration.

Restoration projects targeted at particular species often have a narrow focus, limited
information, or lack knowledge effects on the larger ecosystem. Recent information on the Salt
Marsh Harvest Mouse indicates that the mouse may have a larger range of habitat than
previously indicated (Bias and Morrison, in press). Steinberg has reperted that morphological
differentiation of species may nor clearly distinguish the Salt Marsh Harvest Mouse from the
Western Harvest Mouse. Increased knowledge, through further research, will help us understand
the habitat that this listed species needs to increase populations. This same rationale applies to
restoration projects that provide habitat fur salt marsh species, but neglect present or potential
future use of these areas by waterfowl and shorebirds.

Linkages

This project is linked directly to previous CALFED funding for the Tolay Creek and Cullinan
Ranch projects granted to Ducks Unlimited (Michael A. Bias project manager). The construction
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phase of the Tolay Creek project has been completed as well as pre-project monitoring. Post-
project monitoring is being conducted as the site transhions from non-tidal to tidal. The Cullinan
Ranch project is still in the pre-project phase and construction is expected to begin next year.

This project addresses several topics in the CALFED Ecosystem Restoration Program Plan.
it is located in the North Bay antic (V. II, p. 75). Elements of the project address saline emergent
wetland restoration (V.I., p. 9), and it may aid recovery and information on several species of
importance including Delta smelt (V. I, p. 10), Splittail (V. I, p. 10), resident fishes (V. I, p. l l),
Red-legged frogs (V. I, p. 11), California Clapper Rail (V. I, p. 12), Californin Black Rail (V. I.,
p. 12), Saisun Song Sparrow (V. I, p. I2), Salt Marsh Harvest Mouse (V. I, p. I2), Shorebird and
Wading Birds (V. 1, p. 12), and Waterfowl (V. 1, p. 12), Levees and bank protection (V. I, p. 13),
invasive Aquatic Plants (V. I, p. 13), [nvasive Aquatic Organisms (V. I, p. 14), and Invasive
Riparian and Salt Marsh Plants (V. I, p. 14). Habitats addressed included Natural Sediment
Supply (V. I., p. 27), Floodplains and Processes (V. I, p. 38), Tidal Perennial Aquatic Habitat (V.
1, p. 75), Saline Emergent Wetlands (V. I, p. 88). Finally, this project provides a strong basis for
establishing adaptive management (V. III, p. 1 i) and biological monitoring (V. III, p. 35) in
wetland restoration.

System-Wide Ecosystem Benefits

The ongoing tidal marsh restoration projects provide potential increased water quality by
nutrient removal to the marsh and sediment storage capacity. The restoration of the Tolay Creek
tidal action has provided benefits by providing greater aquatic habitat which has increased the
numbers of waterbircls using the general area. The proposed monitoring and experimental
studies should provide an information base for future rehabilitation projects in the ecosystem.

Compatibility with Non-Ecosystem Objectives

This project provides benefits for other CALFED objectives in by refining monitoring
techniques and furnishes a framework for the standardization of monitoring plans. The tidal
restoration projects also supply increased floodplain by breaching levees. The proposal would
also benefit the San Pablo Bay National Wildlife Refuge because the projects are within the
refuge; the NOAA-NMFS studies of anadramous fish; and the Mafin-Sonoma County Mosquito
Abatemenl as restoring tidal action decreases mosquito breeding habitat. Third party benefits
include increased environmental education, recreational, and w~sthetic values for 12 milllon
residents of the North Bay.

V!. TECHNICAL FEASIBILITY AND TI?tHNG

The project is fully implementable with permits obtained through the U. S. Fish and Wildlife
Service and California Department of Fish and Game held by the Biological Resources Division
of the U. S. Geological Survey. The PI’s in this project have previously conducted projects of
this magnitude and scope in a timely and professional manner.
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VII. MONITORING AND DATA COLLECTION METHODOLOGY

This project proposal addresses monitoring and data collection, thus, most of the detail is
included in the Proposed Scope of Work (IV). Annual progress reports will be submitted during
the study, with a final report at the end of the study. Results will be submitted to a peer reviewed
journal for one or more publications.

BiologicaUEcological Objectives
See Proposed Scope of Work.

Monitoring Parameters and Data Collection Approach
See Proposed Scope of Work.

Data Evaluation Approach
See Proposed Scope of Work.

Table 2. Monitoring and Data Collection Inforoaatioa

I) Biological/Ecological Objectives

Hypothesis/Question to be Monitoring P~aa~tete~ Data Evaluation Comment/
Evaluated and Data Collection Approach Data

Approach Priority

Do different monitoring Seasonal plot/transect Temporal and 1
methods provide similar sampling biological and spatial statistical
information about biophysical physical parameters at comparisons
parameters in rehabilitation multiple sites
projects?

Are restoration projects Plot/transect sampling andTemporal and 2
providing increased habitat for identification of species, spatial statistical
fish; what is the community radio-marking to monitor comparisons
structure and use (immigration,movements
movements) ?

Can Salt Marsh Harvest Mice Sample collection by site, Compare genetic 3
be distinguished from Western field identification of results to field
Har~est Mice reliably by species, lab anatysis and key results,
external morphological identification of species statistical
characteristics? samples evaluation

Can ~rtificial structures Bird surveys by for use by Temporal and 4
enhance waterfowl and plot/transect and structure spatial statistical
shorebird use of project areas? comparisons
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VIII. LOCAL INVOLVEMENT

This project will take place on the Tolay Creek and Cullinan Ranch units of the San Pablo Bay
National Wildlife Refuge, and Joice Island owned by California Department of Fish and Game.
The Refuge will fully support all activities related to the project. County Notification for the
Tolay Creek project was given with the EA and the Sonoma County conservation District is a
partner in the project (see attached). County Notification for the Cu)dinan Ranch project is
pending with the EA and the county has been contacted via phone.

Rehabilitation and restoration projects initiated by the refuge enjoy cooperation with several
local pa~ers, including the Calitbmia Dept. of Fish mad Game, Ducks Unlimited, and the
Southern Sonoma County Resource Conservation District, the Save San Francisco Bay
Association and Vallejo Sanitation District, among others.

No potential third party effects are expected.
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IX. COST

¯ for this project are $689,000 for three years (see Table III).

:t for three years

t Service Material ~Ii~cel- Overhead To~al
~’ Contracts and laneous and Cost

Acquisition and Indirect
i~s Contracts other Costs

Direct
Costs

36 30000 0 94982 0 376018

34 0 0 14000 0 69134

74 27000 0 4200 0 132774

34 30000 0 3500 0 88634

44 0 0 0 0 22464

udget

Quarterly Quarterly Quarterly Quarterly Total
Budget Budget Budget Budget Budget
Jan-Ma~ 00 Apr-J’un 00 Jul-Sep 00 O~zt-Dee 00

31335 31335 31335 31335 156675

5761 5761 5761 5761 28805

11065 11064 11065 11064 55322

7386 7386 7386 7386 36930

205 206 205 205 t027
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Schedule

Task Start/" Completion
Dates

mAeqnire equipment, hire and train field staff, begin sampling. FY 00
mContinue biological monitoring program studies.
¯[nitiate studies of" fish LrnmigratJ~ott and community st~axcture.
¯Initiate sampling of Salt Marsh Harvest Mice and Western Hgxvest
Mice.
¯Develop structures for enhanced marsh use by watarbird~s.

¯ Continue biological monitoring program studies. FY 01
¯ Continue studies of fish immigration and community structure.
mInitiate genetic study of Salt Marsh Harvest and Western Harvest Mice.
¯ Monitor use of enhanced structures by waterbirds.

¯Continue biological monitoring program studies. FY 02
¯Complete genetic study of Salt Marsh Harvest and Western Harvest
Mice.
¯Complete studies of fish imr~gration and community structure.
incomplete study of use of enhanced structures by waterbirds.
¯Data analysis and report preparation.

X. COST-SHARING

No other pertinent funding commitments are in process for this proposal. Cost-sharing
contributions from the O. S. Geological Survey include those listed in the following table.

Cost-share requirement Cost per year Total

P.I. John Takekawa $15,000 $45,000

Vel’dcles $2,000 $6,000

Miscellaneous S 1,000 $3,000

Total $18,000 $54,000
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XI. APPLICANT QUALIFICATIONS

John Y. Takekawa, PhD.
John Y. Takekawa’s research specialty is the ecology of migratory waterbirds. He has been a
Research Wildlife Biologist with the Departtnent of the Interior since 1986. For the past 13
years, his studies have focused on the Pacific Rim, California and San Francisco Bay. He
established the San Francisco Bay Estuary Field Station located on San Pablo Bay in 1995. John
Takakawa will serve as principal investigator for the project, and will coordinate all activities,
equipment and personnel

Relevant Work Experience
August 1995 to present. Wildlife Biologist (Research), U.S. Dept. of Interior, U. S. Geological

Survey, Biological Resources Division, Western Ecological Research Center, San Francisco
Bay Estuary Field Station, Vallejo, CA.

October 1993 to August 1995. Wildlife Biologist (Research), U. S. Dept. of Interior, National
Biological Survey, California Pacific Science Center. Dixon, CA.

October 1986 to October 1993. Wildlife Biologist (Research), U. S. Dept. of Interior, FWS,
Northern Prairie Wildlife Research Center, Pacific States Ecology Station, Dixon, CA.

Education
Ph.D. 1987, Iowa State University, Ames, Iowa; Animal Ecology, Stv.tistics minor
M.S. 1982, University of Idaho, Moscow, Idaho; Wildllfe Resources
B.S. 1979, University of Washington, Seattle, Washington; Wildlife Science/Forestry

Selected Publications
Hui, C. A., J. Y. Takekawa, V. V. Baranyuk, and K. V. Litvin. 1998. Trace element

concentrations in two subpopulations of Lesser Snow ~eese from Wrangel Island, Russia.
Arah. Environ. Contain. Toxicol. 34:197-203.

Kuznetsov, S. B. V, V. Baranyuk, and J. Y. Takekawa. 1998. Lack of genetic differentiation
between wintering populations of lesser snow geese from Wrangel Islaed, Russia. Auk.
115:00-00. (In press).

J. Y. Takekawa and N. Warnock. 1998. The Long-billed Dowitcber (Limnodromnus
scotopaceus). Birds of North America. (In pres~).

Whitworth, D. L., L Y. Takekawa, H. R. Carter, andW. R. McIver. 1997. A night-lighting
technique tbr at-sea capture of Xanms’ Murrehits. Colonial Waterbirds 20:525-531.

Ely, C. R., D. C. Douglas, A. C. Fowler, C. A. Babcock, D. V. Derksen, and J. Y. Takekawa.
1997. Migration behavior of tundra swans from the Yukon-Kuskokwim Deha, Alaska.
Wilsou Bull, 109:679-692.

Ely, C. R., and J. Y. Takekawa. 1996. Geographic variation in migrato~ behavior of greater
white-fronted geese (Anseralbifrons). Auk 113:889-901.

Micliael A. Bias, PhD.

Michael A. Bias’s expertise with small mammals makes his technical advice valuable in studying
the Salt Marsh harvest Mouse. He holds a doctorate li’om U. C. Berkeley in Wildland Resource
Science on Ecology of the Salt Marsh Harvest Mouse in the San Pablo Bay. His work has
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focused on wetland and wildlife ecology, on small mammals and Salt Marsh Harvest Mice.

Education

Ph.D. 1994, University of California, Berkeley, CA; Wildland Resource Science
M.S. 1989, Humboldt State University, Arcata, CA; Wildlife Management
B.S. 1984~ Unity college, Unity, ME.; Wildlife Science

Selected Publications

Bias, M. A. and M. L, Morrison. In press, Movements and home range of ~alt marsh harvest
mice. The southwestern Naturalist.

Bias, M. A. and J. M. Payne. 1997. Agriculture and wildlife in California’s Central Valley;
mutually exclusive or win-win? p. 47-57. in: J. gchaaek and S.8. Anderson, eds. Water for
Agriculture and Wildlife and the Environments, Win-Win Opportunities. Proceedings from
the 1996 USCID wetlands seminar. Bismarck, ND, June 27-29, 1996. U.S. Committee on
Irrigation and Drainage. Denver, CO. 323pp.

Bias, M. A., N. L. Breuner, and M. L. Morrison. 1992. House mice as indicators of marknig
effects on salt marsh harvest mice. Transactions of the Western Section of The Wildlife
Society 28:34-37.

C. Michael K. Snikl, PhD.
Michael K, Saiki has successfully completed several field projects on fish communities during
the past 15 years. His studies include abundance and distribution of fishes in rivers or small
estuaries in which fish populations were documented and related to the food supply, water
quality, or other euvimnmental variables.

Education:

Ph,D. 1976, Biology, University of Arizona, Tucson
M.S. 1973, Fishery Biology, University of Arizona, Tucson
B.A. I971, Zoology. University of Hawaii, Honolulu

Selected Publications

Martin, B.A., and M.K. SaikL In press. Effects of ambient water quality un the endangered Lost
River sacker in Upper Klamath Lake, Oregon. Transactions of the American Fisheries
Society.

Saiki, M.K.. D.P. Monda. and B.L. Bellerud. 1999. Lethal levels of selected water quality
variables to larval and juvenile Lost River and shortnose suckers. Environmental Pollution
105:37M.4.

Saiki, M,K. 1997. Sta’vey of small fishes and enviroumental conditions in Mugu Lagoon,
California, and tidally influenced reaches of its tributaries, California Fish and Game
83:153-167

Saiki, M.K., and R.S. Ogle. 1995. Evidence of impaired reproduction by western mosquitufish
inhabiting seleniferous agricultural drainwater. Transactions of the American Fisheries
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Society 124:5’78-587.

VII. COMPLIANCE WITH STANDARD TERMS AND CONDITIONS

See attached documents.
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Table I. Native fish species present in San Francisco Bay System surveys tWild 1969. Green
1975, Madronc Associates 1977, Brown and Caldwell 1980. Woods 1981. Moyle et al. 1986.
White 1990).

Arrow goby, Clevelandia los Pacific pompano, Peprilus simillimur
Barred surfperch, Ampbistichus argenteusPacific sanddab, Citharichthyr rordidus
Bat ray, Myliobatis californicus Pacific st~ghorn scnlpin, Leptocottus
Bay pipefish, Syngnathus teptorhynchus Pacific tomcod. Microgadus proximus
Bay goby, Lepidogobius lepidus Pile perch. Rhacochilus vacca
Black perch, Embiotocajacksoni Plainfin midshipman, Porichthys notatus
Brown rockfish, Sebastes auriculatus Prickly sculpin, Cottus asper
Brown smoothholmd shark, Rhinotriakis Rainbow seaperch, Hypsurus caryi
Buffalo sculpin, Enophrys bison Rainbow Irou~, Oncorhynchus myktsr
B utter sole, Pleuronectes isolepia Red brotula. Brosmophycis margtnata
Cabezon, Scorpaenichthys mannoratua Roughtail skate. Raja trachura
California skate, Raju inornata Rubberlip seapercl~ Rhacochilus toxotes
California halibut, Paralichthy~ Sacramento suckea. Catostomus
California tonguefish, Symphurus Sacramento squawfish, Prychocheilus
Cheekspot goby, llypnus gilbertl Sacramento blackfish. Orthodon
Chinook salmon, Oncorhynchus Sacramento perch, Archoplites interruptus
Delta smelt, Hypomesus transpa¢qficus Sacramento hitch, Lavinia exillcauda
Diamond turbot, Hypsopsetta gutttdata Sacramento splittail, Pogonlchthys
Dover sole, Microstorau~ pacificus Sand sole, Psettlchthyr melanosdctus
Dwarf perch, Mierometrus minimus Shiner perch, Cymatogaster aggregata
English sole, Paraphrys vetulus SpeckLed sanddab, Cgtharichthys srlgmeus
Eulachot~ Thuteichthys paeificur Spiny d~g~sh, Squalus acanthlas
Green sturgeon, Acipenser medirostris Starry flounder, Platichthys stellatus
Jack mackerel, Trachurus symmetricus Sm-f smelt. Hypomesus pretiosus
Jaeksmelt, Atherinopris californiensis Threespine stickleback, Gasterosteus
Kelp greenling, Hexagrammos Tidepool sculpin, Oligocottur maculoa:us
Leopard shark, Tri~l~is serni~zsciata Tepsmelt. Atherinops afftnis
Lingcod, Ophiodon elongatus Tule perch, Hysrerocarpur traski
Longfin smelt, Spirinchus thalelchthys Walleye stwfperch, Hyperprosopon
Longjaw mudsueker, Gillichthys mirabilisWhite seabass. C~ynoscion nobilis
Northern anchovy, Engraulis mordax White seaperch. Phanerodonfurcarus
Onespot fringehead, Neoclinus uninoratusWhite sturgeon, Acipenser rransmonranus
Pacific hake, Merluccius productus White croaker. Genyonemun lineatus
Pacific herring, Ctupea harengeus Whitebait smelt. Atlosmerus elongatus
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Table II. Introduced fish species present in San Francisco Bay System surveys (Wild 1969,
Green 1975, Madrone Associates 1977, Brown and Caldwell 1980, Woods 1981, Moyle et al.
1986, White 1990).

American shad, Alosa spadisslma Inland silverside, Menidia beryllina
Bigscaie logpereh, Percina macrolepida Largemouth bass, Micropterus salmoides
Black bullhead, lctalurus melas Mississippi silverside, Menidia audens
Black crapl~ze, Pomoxis nigromaculatus Mosquitofish, Gambusia affinis
Bluegill, Lepomis macrochirus Oriental goby, Acanthogobius flavimanus
Brown bullhead, Ictaturus nebulosus Rainwater killifish, Lucania parva
Chamelion goby, Tridentiger trigonocephalos SmalImouth bass~ Micropterus salmoides
Channel catfish, lctalurus punctatus Striped bass, Morone saxatilis
Colrmaon Carp, Cyprinus carpio Threadfin shad, Dorosoma petenense
Fathead minnow, Pimephales promelas Warmouth, Lepomis gutosus
Golden shiner, Notemigonus crysoleucus White catfish, Ictalurus cams
Goldfish, Carassius attratus Yellowl~in goby, Acanthogobius flavimanus
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Table HI. Estimated Budget

Category Year

1999 2000 2001 TOTAL
SALARY COSTS

Principle Investigator 15480 15480 15480 46440

Wetland Biologist 1,2 (two positions) 81200 83636 86200 251036

Biological Technician (two positions)~’2 53500 55100 56800 165400

Subtotal Salary Costs 150180 154216 158480 462876

EQUIPMENT COSTS

Computer (w/ArcView & Image Analyst, Spatial 7500 2500 3500 13500
Analyst )

Laptop (data logger download) 3000 500 500 4000

Stereo Microscope (Invertebrate & plant ID) 3000 100 I00 3200

Water level loggers (12@$1.5K, install @$ IK) 11200 1000 1000 13200

Hydrolab H20 Multiprobe & Display 6500 1000 1000 8500

Water analyzer (water quality) 2500 200 200 2900

Cm’rem meter (water flow) 2000 50 50 2100

All Terrain Vehicle (for levee roads) 6000 500 500 7000

Sherman live traps (100@$12) 1200 0 0 1200

Subtotal Equipment Co~ts 42900 5850 6850 55600

OPERATING COSTS

SUPPLIES

Radio Transmitters (100 @ $135) 1350 1350 0 2700

Field & office (seines, bait, copies, di~.~s) 6500 3500 2500 12500

Laboratory materials (chemicals, instruments) 2500 1500 1000 5000

Collection supplies (aets, bottles, labels, scales) 2500 1500 1500 5500

Annual report and publication costs 600 600 1500 2700

TRAVEL
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Category Year

1999 2000 2001 TOTAL
Boat mad trailer maintenance & gas 2500 2500 2500 7500

Mileage (100 mi/d @ $0.32/m{) 3840 3840 3840 11520

Miscellaneous (meals. lodging, etc.) I000 1000 1000 3000

CONTRACTS

Aerial Photography (scanned 800dpi, digitized-1 6000 6000 6000 18000
photo/site)

DNA sample analysis (180 samples @$150) 0 27000 0 27000

Elevation Survey (snrvey grade GPS, level) 4000 4000 4000 12000

Heavy Equipment Operation 30000 0 0 30000

Subtotal Operating Costs 210970 209970 182320 603260

Subtotal Project Costs 247870 215320 188670 658860

Project Admin Costs (5% less equipment) 10549 104-99 9116 30164

TOTAL COSTS 258419 225819 197786 689024

~Temporary salary costs increased 3% per annum to cover cost-of-living changes
~Benefits 15%

sfbe-24
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State of Caliternia DEPARTMENT OF" WATER RESOURCES The Resoum..es Agency

Exibit

ADDITIONAL STANDARD CLAUSES

Racycted Materials, Contractor hereby c~difies under penalty of penury that ~ (enter value or "0" here) percent of
the materials, goods and supplies offered or preducts used in the perfo~ance of this Agreement meets or exceeds the
minimum percentage of recycled matedal as defined in Sections 12161 and 12200 of the Public Contract Code.

Severabllit~. If any prevision OF this Agreement fs held Invatkf or unenforceabte by an~ court of fina! jurlsdlc~an, it is
the intent of the parties that all ~her provisions of this Agraement be construed to remain fully valid, enferceahle, and
binding on the parties.
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STANDARD CLAUSES -
CONTRACTS WITH THE UNITED STATES
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Appendix C

Distribution List for To[ay Creek Restoration Plan and Environmental Assessment

Federal AGencies
U.S. Department of Agriculture, Natural Resources Consa~ation Service
U.S. Department of the Army, Corps of Engineers
U.S. Department of Commerce, National Marlne Fisheries Service
U.S. Department of Interior, Regional Environmental Officer
U.S. Environmental Protection Agency, Wetlands and Coastal Planning
U.S. Fish and Wildlife Service, ~Ecological Services Division

8tote and Local A~encies

Association of Bay Area Governments
California Department of Fish and Game
California Department of Transportation
California Department of Water Resources
California State Coastal Conservancy
California State Lands Commission
California State Parks and Recreation Department
California State Water Resources Control Board, Water Quality and Water Rights
Marin-Sonoma Mosquito Abatement District
Regiona~ Water Quality Control Board
San Francisco Bay Conservation and Development Commission
Schema      I                   Open Space Diatrli~tAgricultural Preservation and

Individuals and Other Groups
John Alves
Bill Bisso
William Bodeau
California Waterfowl Association
California Native Plant 8ociety               ,,
Citizen’s Committee to Complete the Refuge
Fred W. Dickson
Ned Dickson
Robert Dickeon
Duaka Unlimited
Theodore Eliot, Jr.
Federated Coast Miwok
Gamma Development Corporation
Harvey Goldberg
Golden Gate Audubon Society
Greenbelt Alliance
Integrity in Natural Resources
Marin Audubon Society
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exchange for continued access ofoffieil vehicles
.A..ss~st in oversight of levee construct{on

~hell OH ~pill Litigation Settlement Trustee ~ommfl~ee
Provide $190,000 in funds for coercion ~d widcn~g of~dM ch~els in the
floodplain

ErwJronmentsl Protection A~’encv
¯ Provide sssistance in reg~ato~
, ~o~d~ ~sist~ in developing moMto~ng ~d mitiga~on

Provld* ~5,~00 ~n fun~ Io complete pro~ect

~ys San Francisco BaY Associat{ort
Provide $75,000 in funds for com~ction
Provide ~Sis~ in public relations

SIGNATurES: ~

Wa~e ~e, Ac~g Assist~t Reglo~ Director- CV/SFB Eco~glo~
U.S, Fi~ ~d Wildlife Se~ce             ,

Alexis Strauss, Acting Director, Water Division
Environmentai Protection Agency

H~k Wyman, Acting State ~e~atio~
Nat~ Resoles Conse~nfion Se~

PaM~9~a W~d, President
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Arrange for engineering d~s~gn
¯ Subm~.t Cor~a of’£nglneers permit fo~ Tola~ C~k

Su~t BCDC cons~s~en¢~ dete~a~on ~or ac~o~ oc~ on
~rov~de ove~i~t dung co~fion
Complete Nafio~ Env~onmenml Pokey Act
Ga~er info~afion neces*~ to i~lude p~ng lot in d~i~
Act as lead t~ ~ordinate moMtoHng ~ou~out proj~t      ,
Pro~de st~d logis~c~ suppo~ pl~ ~30,000 ~ for co~c~on
P~icipat~ ~ monlto~g sf~ pmj~t

~atu~ R~seu~s Cons¢~e~[on
Provid~ te~c~ ~sisr~c= for planning ~� proj~t
Assist fn field work rela~=d m

Write ~tigafion pl~ ~d monltodng pIan for 53.a~
Submit pape~ork mqu~d ~ ~=nd Co~s of En~neem l~vee ~t for mitigation site
Submit nece~ pnpe~rk to BCDC to ssfs~ mitigation ~it ~quiremsn~
Apply for C~s eneroae~ent pe~it for new levee ~d par~g lot
T~e l~d on pls~ent ofslop~ proration Mong I~y 37
Take l~d on field ~eys ~r~ dudng eo~eflon
A~st in di~cting
~s~st in compilation of Mem~md~’ofUnde~d~g
~s~ ~ see~g ~dlng to en~� levee ~e~ Mong Tolay C~ek ~ne~nt ~d
consistent with ~e Tolay C~ek mstomfion proj~t

~sist ~ di~¢t~ng f~ds to
~ist ~ ¢onmction ove~i~t
Contact ~prite ~els ~ n~ed
~sist i~monitodng

CaHfomi~ De~aament of Fish and Creme
Acquire propc~ for 53- acre mitigation site
~e~ew enginee~g design
Conduct po~io~ of mi~gation monitofiag
Assist wi~ cons~uction oversight on new lev~
Assist ~ mitiga¢ion md monitor~g pl~

Sell 53.5 ncrez for mitigation re.oration site
Maintain ~d/or re.ore levees on Di~ct p~peny
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